Abstract: Oscillations of the air temperature and tensiometric pressure of the soil water were measured in the experimental slope Tomšovka (Czech Republic, Jizera Mts, 822 m a.s.l.). The brown forest soil (Dystric Cambisols) is covered with Calamagrostis villosa, Avenella flexuosa and Vaccinium myrtilus. Thermometers were placed at a height of 5 and 200 cm above the grassland. The tensiometer was installed in the root zone of grass at a depth of 15 cm. Oscillations in a cloudless day, August 24, 2001, (sunshine duration 12.1 hour/day, daily total of global radiation 22.4 MJ/m 2 /day, maximum intensity of global radiation 1008 W/m 2 , transpiration 13.7 MJ/m 2 /day) were analysed in detail. The oscillations with a period of about 30 to 60 minutes were recorded in the air temperature course taken from 11 am to 5 pm. At the height of 200 cm oscillations ranged from 24 to 28
Introduction
It is known that the plants and biological soil crust can influence the hydrophysical parameters and water flow in soils considerably, mainly due to soil water repellency (Lichner et al. 2012) . In addition, the air temperature above the plant cover is strongly influenced by transpiration. Transpiration induces not only changes in air temperature and soil water contents, but also in the streamflow (Cuevas et al. 2010) .
The part of the solar radiation input, which is not dissipated by transpiration, causes the warming of plant and secondarily (as sensible heat irradiated from the plant cover) of the surface layer of the atmosphere (Pokorný 2000) . Makarieva & Gorshkov (2007) showed that transpiring plants work as a biotic pump driving hydrological cycle on land. The activity of this pump is controlled by plant stomata (Saito et al. 2003; Wallach et al. 2010 ). According to current knowledge, stomata are the only active control element throughout the hydrologic cycle. Therefore, better knowledge of biohydrological processes, as transpiration, is crucial to increase our understanding of the current climate changes (Baveye 2013) . Without the ability of plants to extract water from soils, to pump it, to desalinate it, and to evaporate it through stomata openings our climate and the hydrologic cycle would be entirely different (Szabó et al. 2008) .
Sensible heat causes the temperature of the nearground layer of the atmosphere to vary during the day, in general depending on variations in solar radiation income (Geiger et al. 2003) . However, long-term monitoring of Czech mountains showed that the air temperature above the grass cover exhibits oscillations which are not caused by variations in the input of solar radiation.
In this article, the cause of oscillations of the air temperature measured in a cloudless period from 23 rd to 26 th of August 2001 in the experimental slope Tomšovka (Jizera Mts) is studied. Three hypotheses are tested: (1) Oscillations of the air temperature were an artefact caused by temperature dependence of the measurement process. (2) Oscillations of the air temperature were caused by the soil water shortage which reduces transpiration rate. (3) Oscillations of the air temperature resulted from autonomous and self-regulated oscillations of transpiration rate.
Experimental area
The experimental slope Tomšovka (Czech Republic, Jiz-era Mts) is located in the Uhlířská experimental catchment formed by the Černá Nisa stream. This catchment has an area of 1.78 km 2 and an average altitude of 822 m. The climate is mixed continental-oceanic. The average annual air temperature is 4.9 , the average annual rainfall (total) is 1400 mm , annual average depth of runoff is 1117 mm, and the annual average evapotranspiration is 283 mm. The Tomšovka slope was deforested in the 1980s and consequently inhabited by reed grass vegetation (Calamagrostis villosa, Avenella flexuosa, Vaccinium myrtilus) and forested by spruce monoculture (Picea abies), with isolated planting of beech (Fagus sylvatica), larch (Larix decidua) and mountain ash (Sorbus aucuparia). Soil profile is formed by Dystric Cambisols based on decayed and fractured granite bedrock (WRB 2006) . The typical soil profile depth is 0.60-0.90 m. The topsoil (about 0.15 m deep) is of peaty character. The profile below the organic layer consists of 0.10 m of grey-black clayey loam, 0.25 m of brown sandy loam, and 0.30 m of light brown loam with a high content of bedrock particles (Hrnčíř et al. 2010 ).
Methods
The experimental area was equipped with an automatic monitoring station for the continuous measurement of the air and soil temperatures, tensiometric pressure of the soil water, soil moisture content, and precipitation amount and intensity. The station was located in the centre of a large area covered by grass vegetation. Air temperature was measured at two levels (5 and 200 cm above the soil surface covered by grass) with the help of platinum thermometers Pt 100. One thermometer was installed in every position. Thermometers were protected by radiation shields against solar illumination. Soil temperature was measured at three depths (15, 30, 60 cm) using platinum thermometers Pt 100. One thermometer was installed in every depth. Tensiometric pressure of the soil water was measured in the root zone of grass at four depths (15, 30, 45 , 60 cm) using water tensiometers equipped with an electronic pressure transducer. Soil moisture content was measured in the depths of 15 and 45 cm using dielectric sensors. One sensor was installed in every depth. Temperature, tensiometric pressure, and soil moisture content were measured and registered in ten-minute intervals. The entire process of measuring and digitizing of the signals from sensors was temperature-independent.
Daily sums of actual transpiration were evaluated using a model of plant transpiration, which is based on the finding that plants protect themselves against overheating (caused mainly by absorption of solar radiation) by transpiration -i.e. by the heat uptake for water vaporization. This model is based on experimental evidence that the surface temperature of transpiring leafs or needles does not exceed 25
• C even if the income of solar radiation is high. It means that the transpiration can be interpreted as the response of the plant to the need for water to keep the temperature from exceeding a certain optimum value (Pražák et al. 1994) . The model input data are the time courses of air temperature, global radiation flux, and tensiometric pressure in the root zone of the soil (Tesař et al. 2007) . Time course of the air temperature was measured at the height of 200 cm in the experimental slope Tomšovka. The time course of global radiation flux was determined using net radiation calculated by the Angstrom method (Matinez-Lozano et al. 1984) . This method requires extraterrestrial radiation, sunshine duration, and the air temperature data. The extraterrestrial radiation was calculated by method published by Allen et al. (1998) . Sunshine duration data were adopted from the CHMI meteorological station Desná-Souš (722 m a. s. l.), located 20 km from the experimental slope.
Results
The air temperature, tensiometric pressure of the soil water, and soil moisture were recorded in almost cloud- were similar each day. The air temperature at a height of 200 cm was less volatile compared to the air temperature at a height of 5 cm (Fig. 1) .
In the depth of 15 cm, the oscillations of tensiometric pressure in the range of -6 to -13 kPa were recorded (Fig. 1) . Over the entire period, the soil temperature at a depth of 15 cm remained almost unchanged (Fig. 1) . In the depth of 15 cm, the soil moisture content continuously decreased without significant oscillations. At the end of each day, the tensiometric pressure decreased in accordance with a decrease in soil moisture content (Fig. 2) .
Analysis of temperature oscillations (Fig. 3) on August 24
th (almost cloudless day, sunshine dura- -At the moment A, the air temperature at a height of 5 cm reached a local maximum. Then the temperature decreased, although solar irradiation increased. The temperature drop had a duration of about 30 minutes.
-Until the moment D, the air temperature increased almost linearly.
-In the period D to E, the air temperature sharply oscillated even when solar radiation showed no oscillations.
-After the moment E, the temperature decreased according to a decrease of solar radiation.
Analysis of pressure oscillations in the depth of 15 cm shows that: -In the period B to E, the pressure sharply oscillated.
-The pressure drop 2 occurred before the air temperature starts to oscillate.
-The pressure drops 3 to 6 occurred in the period D to E when the air temperature sharply oscillated.
-After the end of temperature oscillations occurred the pressure rise (the pressure rise is indicated by the numeral 7).
-At the end of the day, pressure decreased compared to the beginning of the day (the pressure drop is indicated by the numeral 1). Fig. 4 and Table 1 show different modes of temperature and pressure courses during the day August 24, 2001.
-Mode I -Rapid heating: In parallel with the growth of temperature, tensiometric pressure decreased.
-Mode II -Slow heating: During continuous rise in temperature, one oscillation of tensiometric pressure occurred.
-Mode III -Sharp oscillations of temperature: Several times, two types of oscillations alternated (1) temperature rise and pressure decrease, (2) temperature decrease and pressure rise. Each phase lasts of about 30-60 minutes.
-Mode IV -Cooling: In parallel with the drop of temperature, tensiometric pressure decreased.
Discussion
Temperature independence of the measurement Soil temperature at a depth of 15 cm does not fluctuate with air temperature (Fig. 1) . It means that the measurement of the soil temperature is not loaded by errors resulting from the temperature dependence of the measurement process. Because the monitoring station used only one A/D converter to digitize all signals from sensors, it means that the A/D converter was temperature independent. It implies that the air temperature fluctuations, measured on August 24 th , were not caused by temperature dependence of the measurement process.
In Fig. 4 , gray arrows denote situations where the temperature and pressure increased/decreased simul- th , were not caused by fluctuations in the temperature of the electronic pressure transducer mounted on top of the water tensiometer or the water contained in the tensiometer's body.
Air temperature During the sunny day August 24
th , the near-ground layer of the atmosphere above plant cover was warmed by sensible heat irradiated from the plant cover. Latent heat used for transpiration consumed approximately 13.7 MJ/m 2 /day of the daily total of global radiation 22.4 MJ/m 2 /day. Thus, daily sum of sensible heat can be estimated as 8.7 MJ/m 2 /day. It means that plant transpiration caused significant cooling of the atmosphere (Geiger et al. 2003) . Given that no fluctuations in input of solar radiation were recorded, it can be assumed that the fluctuations in the air temperature resulted from the fluctuations in the sensible heat flux, thus transpiration rate. In accordance with Fourier's law for heat convection, air temperature oscillations attenuated with distance from the radiating surface -the temperature at the height of 200 cm above plant cover varied less than at the height of 5 cm (Fig. 1) . Therefore, it can be concluded that oscillations of the air temperature, measured on August 24, 2001, were caused by oscillations of transpiration rate.
Transpiration rate
Usually, the soil water shortage is regarded as the cause of the reduction of transpiration rate (Novák & Havrila 2006) . Even though on August 24 th , the soil was nearly saturated with water, transpiration rate was undoubtedly limited during air temperature oscillations (Fig. 3 , Mode III in Table 1 ). The same observation is reported in the article of Tributsch et al. (2005) where daily oscillations of SAP flow in a lime tree (Tilia cordata L.) under conditions of sufficient soil moisture were studied (Berlin, Germany, August 2006). Gibert et al. (2006) described daily oscillations of SAP flow in a poplar tree (Populus nigra L.) in non-controlled soil moisture conditions (Remungol, France, June 2004). However, high values of SAP flow showed that transpiration was not limited by the soil water shortage. It means that the oscillations in the transpiration rate, observed on August 24 th , were not caused by the soil water shortage. Wallach et al. (2010) studied the development of synchronized, autonomous and self-regulated oscillations with periods of 20-50 min in transpiration rate of whole tomato plant (Solanum lycopersicum cv. Ailsa Craig) under water stress (Rehovot, Israel, greenhouses). It was found that a quick increase of xylem tension caused restriction of transpiration rate and consequently a decrease of xylem tension. Wallach et al. (2010) suggested that this decrease of xylem tension serves in eliminating critical xylem tension and preventing embolism. This opinion agrees with our finding that oscillations in the air temperature (caused by oscillations in transpiration rate) appeared when the transpiration rate was sharply increased in the morning hours (Figs 3, 4, Table 2 ). And in the afternoon, the air temperature oscillations disappeared when transpiration rate was reduced in consequence of small input of solar radiation.
It follows that at high transpiration rate, conductive system is not enough to perform such a large flow of water from the roots to the leaves, and, therefore, the amount of water in the plant is reduced, and thus the xylem tension increases. It can be concluded that oscillations of transpiration rate, on August 24 th , were caused by autonomous and self-regulated oscillations.
Tensiometric pressure
The tensiometric pressure drops 2-6 (Fig. 3 ) occurred in mode III (Fig. 4, Table 1 ). In this mode, alternated two phases: (1) Non transpiration phase -the air temperature raised and simultaneously tensiometric pressure increased. (2) Transpiration phase -the air temperature decreased and simultaneously tensiometric pressure decreased. Each phase took about 30-60 minutes. In both phases, changes in the air temperature and tensiometric pressure are fully synchronous and have the same direction.
The tensiometric pressure drops 3-6 (Fig. 3) can be explained as a manifestation of the increase in xylem tension. During transpiration phases, the amount of water in plants decreased, thus xylem tension increased. Xylem tension was transferred through the roots to the soil water. It was manifested as increased tension of the soil water (decreased tensiometric pressure). During the non-transpiration phases, the water uptake from the soil into the plant caused the decrease of xylem tension.
As shown in Table 2 , in episodes with low input of solar radiation -morning episode 2 (8-9 hours) and afternoon episode 6 (14-15 hours), the rates of tensiometric pressure drop were very similar. The agreement was also observed in episodes with high input of solar radiation in the midday episodes -3, 4 and 5 (11:00 to 13:30). This similarity can be attributed to the sim-ilarity of transpiration rates in episodes with the same input of sun radiation.
After each pressure drop 3-6, the saturation of the soil with water decreased (Fig. 4) . It was probably caused by the discrepancy between the high consumption of water for transpiration and insufficient supply of water in the root zone from distant parts of the soil. The soil water deficit was partially reduced after the end of massive transpiration (marked by numeral 7 in Fig. 3) . As a result, water consumption for transpiration caused a decrease of tensiometric pressure between the morning and evening of the day (marked by numeral 1 in Fig. 3 ).
Tensile water formation After the time indicated by A in Fig. 3 , there was a small decrease in the air temperature. Its cause is unclear, but we can speculate about the formation of tensile water in the plants. The study of Szabó et al. (2008) shows the possibility of building up tension in water, which is confined in a nanoporous hydrophilic structure by means of evaporation. The energy required for the transition to the tensile state originates from the evaporation process. In the article of Tributsch et al. (2005) , the solar-powered generation and turnover of tensile, cohesive water in trees is described. For the formation of tensile water solar energy is used, so that the plant is cooled even when the plant absorbs solar radiation and does not transpire. This phenomenon could explain the sudden drop in temperature after the point A in Fig. 3 .
Synchronous oscillations of transpiration
It is evident that the air temperature measured at one point at a height of 200 cm above the plant cover is significantly influenced by transpiration of plants around the area of many square meters. The fact that the air temperature fluctuated sharply means that the rate of transpiration was synchronized in this area. Thus, plants communicated to achieve synchronous fluctuations of transpiration rate (Saito et al. 2003; Wallach et al. 2010) . Communication mechanisms of plants are discussed in detail in the article of Baluška & Mancuso (2009) where it is stated that plants are endowed with complex signal-release machinery, as well as an unprecedented 'neuronal' decoding apparatus for the correct interpretation of received signals. Vegetative cover thus creates a self-regulated superorganism (Baluška 2009 (Baluška , 2013 .
Conclusions
The oscillations in the near-ground air temperature above the grass cover resulted from the autonomous, self-regulated oscillations in the intensity of transpiration. It is evident that the air temperature measured at one point at a height of 200 cm is significantly influenced by transpiration of plants around the area of many square meters. The fact that the air temperature fluctuated sharply means that the rate of transpiration was synchronized in this area. Vegetative cover thus created a self-regulated superorganism that substantially affected the temperature of the near-ground atmosphere layer.
